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1/ 



^pm^(D^%mt^ ^%m^z.mM'MM^m^-tht-^ ^ ^nM^w^'f^f^'^<oi 1 1 

lit^S 2 1 

Ist^^ 3 1 
IW*:^ 5 1 

nv^iJ'heJi. pMo:^*6«^«llP$tL^ ^^'JTiiS:**! X 1 0 * ' cm ~ 1 X 

10^ ^ cm" 3 w|EfflI*I-r-*^i -1-511^:^1-6 

I»*«8l _3 
^y9^\m\U pao^$!EJfe7&*a$tL, ^^UT^St^M X 1 0 ^ ' cm ^~5X 
1 0^ « cm- 3 0|Sffll*|t?*;5ii:«ri|fmi:-t^lt^«7ir|Bm<^^'(k:«"'J'i'-^^<k^ 

lit^S 9 1 

[If 101 

t-? 7 ^ll=S<^l&«:li-*ft'5>jl3iW3 0%Jil±T-*^:ii:4r'-lfmi:1-*It*^l 
[If M 1 1 1 

'V ^mM<r>W^iiK 1 nm~l 0 0 n mO|gH|*|-C*;& ^ t -Sr^mt t ^It^^g 1 
[ffi*« 1 2 1 

^Jim^§5i*. >y^mMi:|Wl-0^^*rf^?r^tfCi:^r#Mi:t*W*Sl~l 1 

[if 131 
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/^-v?: 2/E 



^s^^^ 1 6 1 
jsg^j^ 1 7 1 
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^-y : 1/ 



[0 0 0 1 ] 

m^fzmtif'}^^ (GaN) mt^m^mw^im=i-^~-m^o 

10 0 0 2] _ 

>fb7!fU':7A (GaN) mt^m^M^m^^u^^^-^^^^ m^M^ mn-m.i^m) o 

G a N^'fk'^!g^#SWi> ^J-^T'fT (a-Al2 Oa*^^) lwJpx.T. m^<^mm 

1 1 1 -ymit^m^mww^^'^^w.t lt, ^o±n«^^'fk^6ij^^am 

^ (MOCVD) ^^:9-«xi^^^v- (MBE) ^> ol^P^M^tLTV^ 

^%m\U C«^^ffi^S^S=^flJfflt-CMtfcGaNM^W^# 
:6^'b'5:'5|S|^ (barrier) m^^P (well) t ^ ^ S?-#P (q u a n 
turn wel 1 : QW) m^t'i^'bM^it^ 1>Oi:>SroTV^i,o '^a«^^a'fk**'J A 
• Vv-^A (M^G ay InzN:O^Y. Z^1>Y + Z=1) ^P^iiG aN:d^ 

hiimmmtii^htah^.-- (sqw) ^^cti^m (mqw) fii^^pM^d^ibi&iJi&i^* 

[0 0 0 3] 

mwi-f^fzib<D%m m^wMW) ■^m.m^^^fz^^^is. (+) (-) 

K (LED) ^OG aN^jt-^t/Wff^l^^i^^^Mt^&lcp^t. ^^tS^ ( 
S i C) > M*"'; -^7 A (G a A s) ^^fb^'U >ir A (G a P) ^co^mtt^^WM 

[0 0 0 4] 

WtcLTt. GaNmjb'&!^^«#^^^?-^«jat^/ci6<^G aN^'fb'^t>^*# 

fflfCnM*/c(±pM:t-5 ^'mW^ttPjtLrv^;^,,, §&:)!f;Ji;6-f><7)|&pt;=gr^i.g|5 
->.^f)aii-^l^]lC^E'5pillG aN^'fb^t/W#iit-I£tt'5>pM^-? 2'^'m®t±> pM 
G aNm'fb'^!|j3¥3lflilSOIil&^®lcEtt$tvfc> «lw5iv>^miS*^'bfll^$ tL^ <^ i: 
^:o-CV>;5. (^Jx.Jdr, #t^^S:it2#!!8) o 
[0 0 0 5] 

iRi^if, j^P¥6- 3 1 4 8 2 2^<&m (itrfflo#it:fcM2 ) tcia«$tt-cv»*i^^-c 

mi:^< Lfc^ ^?i)£{?> ^ (Au) , (N i ) , (P t) . ^ ^v-^A (I 

n) , i^DA (Or) . 'B.W^y (Ti) ^^^ibMt^O^- 5 7 i>®ffiSr«t'S>m 

[0 0 0 6] 

miiE# 2005-3004817 



2004-022668 



2/ 



1 #<&BS 5 5 - 3 8 3 4^<&« 
I#i^:J:m2 1 #li^6 - 3 1 4 8 2 
I#ft=Xm3l #§fl¥9 - 3 6 4 2 7-f-<2r^ 
[#^«4l #11 2003-13358 9-t<&m 

[0 0 0 7] 

S.r>' (2) W^^P^<^y-''^>y (K-tf>^/r:^%) (7)^4i:d«#t)o'Cv^4c: i: 
[0 0 0 81 

10 0 0 91 _ 

^t^mm^n.mi^i'^fz^^^izt^n^. ^^^^^ mij\^m&ommmmmx^i>. 

[0 0 10] 

^m^^pm^o^^mt. ^im^zmwimmimi^ir^t-^y'!7mm^wnif^fzi^<^ 

^y^-f^bmt^^')^^ '^it^m^W-ii^ fb «^ $ iiT V ^ ^ :i ^ 5: #m i 1- '2' M'fb U -i? 
C2 3 #p1<^M1?**^ nMW—U<D%.M\zi6\>X\. 5 nm~ 0 nm(OlaHPili:«o 

t-S Ci:i tfz\t C2] trfamoM'fb:^U'>A3l'fb'&tr^^^l&5t;^^o 
[4] ltMlH(7?i5fct:/piNi%/in*-tr>^^$tLTV^SC:i:'Sr#mi:i-* C3] \,z%m.<r>^ 

C5] i^Mii^f^^^-r-s^i^it^Ti^ ^mxh^^t^m^tirh [4] tciBm«^M<b 

?tr'; 'i7Am'fb'^i^#*#l&3t^^o ,g _3 

[6] 3^i?^'b®t±. nM<^/r:»«JP^^> V Tit)t5i^5 X 1 0 ^ cm 
-2X10^ ' cm- 3 co|Eai*lT-*;6ii:'^#mi:i-* [1] ~ C5) nmM^l-^^- 

tBiiE# 2005-3004817 
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^-9: 3/ 



- 3 



lemog^bTifv '^^A^'fb-^WSfrll^^^^o _3 

C8] 3V^'^5'^Ji^i^ pi!!c^/|^iK!^3&*«$tL, U 7ft»'l x l O ^ cm 
-5X10^ « cm- 3 0«EHl*l-e**Ci:*«tt^ C?] HlfiatT^M-fl:*''; '^'^^ 

[1 U y i7mU<OW.^i)K 1 nm~ 1 0 0 nmOmWP^'^^^^ i^^^^^"^^ 

[12] ±mmmtK t-^yi^w.mtm-<^^mMm'^ts^t^^WLt-rh cn 
i!,^imi^i±<om^mm. ttzn^^m^th^timtt^ (n ~ [13] 

[1 53 ^JlEW^^^ #^im-c^^^t*«ifmi:t* [13 ~ [143 oW^^i^t^ 
[16 3 [ 1 3 ~ [ 1 5 3 <D\^^-rM^ 1 ai^ia«<^M'fb:<f' J A^'ft-^tf^^^^l^*^^ 

(hexagonal)Si C^'^;i'7ii;lS^BM(w u r t z i t e ) G a N^m'fbMI& (Z 
nO) 3S:ir<^y^^H^oM0^^^i:L-CM-C§;&o t/>:> GaP. GaAs35.t>'Si 
^OWffif&fiEi^B^M (z i nc-b 1 ende) Oiji##«H^H=Sr^^^i: tTfiJffl-e^ ^ 
0 ^^^B^VM±3t*faCDG aNOS«=^ItV^T.. * =&-tM^k**'>' •^A^'fk'^tl^ 

I^ltT*)«t>^V>o ^VM±, iz-f'f >'i^7'n-t7. (Seeding Process: 

sp) i£t'^;5>^?-/p^^lSB^B^^fer^^v^^vESi$#^fflv^'^, 1g;zai^M=^^-^T 

|&^l^'5:tG a N^jb'&WWii=Sr?^fi5c-t^C:a7&*-e^'2>o #t::> GaN^^-fk-^ 
;S(??^§'5r^?!lx.{?> g'fkT;V?-'>A (A IN) m^^^'B^'^^^^ ^^-Ci^SPfefi^ 

f f e r) m±.\-zW>1-tt. nMG aN:6>P>^:*TAfeii«:^tTlgtt^o ^^r-f 7 

fflSE#2 005-3004817 
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4/ 



undope) mx^^^\ 1X10^ ^ cm- 3-1X1 0^ « cm-'<D^^^^^V 

m^Ltzrmii. rmyy^ (c i ad) mtLxmmx^^^o ^y-yvm-^m^i- 

^TAfe)it±> S'fbTJV^^'i'A > -t^A («^A 1 X G a Y N : O^X, 1 > X 
+ Y=1) . GaN. Gay I nz N (O^Y. Z^K Y + Z=l) f£t'i}-h^^X^ 
ho ttzyUi^^y KJitXJi. M%«Offl^Jt^^&^5fe^S:*i^t^G aN^^t'^!!^^^ 
S#l*^Sl^«l^^^'^**> ™e<J*lM«r^^-^'C«>»=^jrv^o ^?lJ^{^^ a Ix 
GavN (O^X. Y^K X + Y=l) . tGav InzN (O^Y, Z^K Y + Z 
= 1) fc^^Hl'^l^-^/i^rn (^S) (misfit) 

t^x%:bo T^^y'yYmt::iy9^ymh\±. n-<D\mm.(DG a N^jt-^ws^^^ 
y^^vm ^"^i-^pm^^o^m f^-fwrn ^ ^) ^mm^r^i^^tsi g a N^'fb^ti 

SM^^^^-T'&twTO-a-i: 55:^0 niiin > rJ' ^ Mfli. U 7itS«r 5 x 1 0 ^ « cm 

- 3 2 X 1 0 ^ ^ cm" ' iit-S nSS-ftJifU ^ J^%\t'^m^n^^ii-'^^'^^-^^'^ 

Xi>. mio\^mm.'^2 0mktLtzi^^l,zt^^^X2. 9Yiik±X3. 3 VJ':J.TO|aHti* 

7i^a (local breakdown) m^^^i-Mmm^^fi^^i^i^^^^^^-^^^^^- ttz 
. nV^'i^ h^^r. g«^O^V2^%^*^tf^aix.l?> M^A 1 X G av I nz Ni 

- a Ma (o^x, Y. z^i. x+Y+z=i. u^MimmJ^n(omym7€mimi- 

, 0^a< l-e^-So ) TS-iir'SG aNM'^W^fr^^^^M"^*^^ ^PJffi^^^irS^ 

SIC ^1^=1: 5^1-0 
[0 0 171 

X Gav N (O^X, Y^K X + Y=l) t 'Sr G a^v InzN (O^Y. 

z^i, Y+z=i) i!,^hi'j:h^pmtx^-tfzii^mA=f^Hm^imi&tho w.m 

ttiliE#2 005-3 0 04817 
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5/ 



N (O^Y Z^l, Y + Z=l) ;6»^b'5r'5#P®=S^fiKl^•t*^-l^t^ ricEI'twW-^ 

^■ci;£.o m^. &mM<om^mmm\'W>^^^t^^mm^x^^o #p^ 

jSL%m^'mmLxmmtf£6Bt^^-i)'^ty). ^(omm<Dmmx\i. mi i imjcm'T- 
m^^nm(D^^t^(Dm^(Dmmt. mk.if.-mMmm^mwL^ (tem) ^mrnvtzm 

[0 0 19] 

n-f^t. ^j4i-^ijp<^#pi^Mt#>i.o mm. Y^) ^^)vif^)'yj. i^i-^ ( 

CHa) 3 Ga) i:7>^-7 (^i^^NHs ) h ^ Wtg^©!^^^ t ^-tE i^i^^ 
E) ^v^lijftffMOCVD-Sti'fKS), 'fi^Bx.l?. Gav I nz N (O^Y, Z^K Y + Z 

= 1) ^pm^^m-r^K^L. ^<r>^mm<o^mi'n^'x. mm. v/i i i&m ( 

EP*>, NH3/ (CHs) 3 Gammm) ^ I X 10 ' I X I 0 ' i>^T bt 

^mtL<ii. 2 X 1 0U:il±-e5X 1 0U:XT^|gHi:t^o :i«!&JtMti1Sv> 

V/I I iitmx^m^m^t^(Dit. mmmz^<ti>. ^^**gg$&$tLyi^,^^-^^ 

to 0 2 0) 

^pm imF^ Lfz^'^^pm^'^^itmiis g a Nm<k^ti^wM«i^<=^Mf^^^ 

[0 0 2 1 ] _ 

Jl|I^l^i]mffi^±. Mtw. (K-e>^^) t:^c#pls£v^{±I^M=S:ffl 

v>•C«^t/i^i^#pM<^Ml=&ffiv^^^'^^^ 'm,X%^o mk\t. ni2^»=£rK- 
try^L/c#pii^-g■tl■l:?■^^pM^^^^^'S:^!Jffl1-:}^^^^ 1SM:^l6]mE<^G aN,^<b 

miiEijf 2005-3004817 
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^-v^ : 6/ 



I 0 0 2 2 1 

«fife-t^^<^«me<j'c*;i>o #pJgoJ^'g-fc{4^imtT, Si=-#pM^Mt^/c*J><^ 

mn'^<^^WUl-^m. 1 X 1 0 ^ ^ c m- 3 ]>X±.X. 5 X 1 0 ^ « c m jy.TO 

10 0 2 3 ] . 

n?L\f. 'fSjmOnMGaNn^^i}' M±i;lSlt7^^> 5oOS^ (S i) 7&«K-lf> 
^^tL/cnMG aNMl^^ 5o07>K--/GaY I n z N#pm i: ^r^Simif t 

mE ^ 3 . 3 V ^: t -5. G a N^'fb^^^##§&*«^-*'1# o T^Mt/ =Sr K- tf > 
[0 0 2 4] 

p«5toi&*i«i> 'e-(7)i&si>{i«#p®T**^:&-itMJi> tfz^<r>im*mmmx^^t-^ 

[0 0 2 51 

(MBE) K umim) ^m^^^^^'y^^^'^^ (vpe) ^^(7)^*1 

^S^a-CMT'^^o a« (S i) ^Y)V7~^A (G.e) 4:K-e>i5^L/cltMiS«: 

M-t^icn, ^M^^m^'y'yy : s i H4 ) ^^^v^v (^i^^ • ^ ' l£ 

6) ^ (^i^^: GeH4) F-H°>'^/:^-;^t LTflJfflLT»t^o FfM 

ii=SrGaNli:L, ^PlSrGav I nz Nl iii-^&ii^^PM^J^^t^ 6 5 
0-0-9 0 OX:«t -So c:^«>5^'b^:^:ti^#P«^ic7)jir-&, i:#pl^:{±lii& 
|WI-O^SiaE-eji^E-e§;5o Ite^=S:^ GaNH'ft#L-C. 7;^5-'>^ (Al) S:-^ 
tfAlx Gay N;^^P>fllfiS;t*l^l^f±^ G aNltMl^^^l'&i 

[0 0 2 61 

^pm^mw-^^tmi^xm^'^^^^m-fh^^^^-o ^i-Ptpm'^^m^-f^^pM(o 
5J^ii±-e2 o\:xytt^<oi)m^x-h^o ■^^m\-'^hz,^pm<r>mmt. 

ttliiE#2 005-3004817 
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10 0 2 7] 

9 7 KJS{±^ AlxGavInzNi-aMa (O^X. Y, Z^K X + Y + Z=K 
pa^'7>;/ K)f t±, mi imjtmpMyf¥imtLXV~^^y:^LfzA l x G ay N (0 
:5l<;5'^_^^♦_7^_ (over f 1 o w) ^^m<Dmr^. ^%^i,fzh^1k 

i: t e, ^: S Il5fe<^m <9 ffi t * S ±S5 ^ 9 y K)§ t± t 

10 0 2 8] _^ 

=^ 5 nmJiJ.Ti: t. > v':7 Am^J:b>&^'0 ^r0£. 0. Zl^XJ-^h^Q InzN (0 
<Y^0. 2, Y + Z= 1) )ii:*^e)M^tL;i>M«5i7!'«**o 

[0 0 2 9] . ^ 

{l:iB^»#i:(±> ffli^ (TC^IB-t: B) i: 'J > (TC^Ifi^ : P) i: ^SrH^TG^t LT^ 

ia-e<^SlJh=ffifil<iS:3. 5 xi^^ ha>'jj?;w b : eV) m± i: t-&^l:^<7)MW 

(BP) (i. «ft(7)M=^^1>i5--3t^t^M-C§. i^S-O, 1g:^Sj^Opa^'7 7 K®=S: 

X-ijrn-^/ (as-grown) :bcS-e#l,tc«tn;l ^rM"^^ SPt)^ ^-fbiB* 

^Smb (Ti^-ty^'fW $^^^'M'5:^^j'^^'^>5i:1■^A 1 X G ay InzNtti^^f) 
, ^^tc5.oMiItCpMiE^ttt^tMin;«=£rM-e§<&o 
[0 0 3 0] 

o t^oT. JiIM:^|BimE(^iSv^G aN^'fk'^W^#l&^«^-*W^^i-«^'^*^^» 
i5'i5' h«i:t±. CTOf5^S<^GaNMv^±;Pjkig« (BP) M^WSfrl^^'^* 

®(7?-etii:-ic$^*-^o pM*^5 yi^mil=^l£'t^/cfe^G aNm<k^t>4^^^^^?''5: 
SpMav^^r hig^^^ijTjgltii, 1 X 1 0 1 ^ cm ^ ^j^f, 5 x 1 0 ^ « c m ^ 

Tit^ti. 5x 1 0^ « cm- ^ >:i±-e. 1 X 1 0^ ° cm- n:i.TT-*40;6«$f^i-C^, 

7&»igi-'2)o 

[0 0 3 1] 

ttilEilf 2005-3004817 
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^-'J : 8/ 



j|,±|i3|[^;jvj-ff^^'b^jr-5 nM^>:^i5' M-tt-t±x 7}^^^'^;^ {A\) . > {T i) 
. (Ni) . ^ (Au) , iJ'nA (Cr) . (W) , W^'^i-'J^ 

tM^. tiM (pad) mm^m^^rimt-^'y^mm^m^-^^^^omK. Inmi)- 
[0 0 3 21 

pM^^y-S'^ \-M±<Dpmt-\y^w>m i^u) a.mkii. (Pt) . ^-^^v 

(P d) > ^ (Au) i^uA (C r) > :^y'y)V (N i) . ^ (Cu) > 

b (Co) ^it'Tft-hm^-^'^^o tfz. ^i^h(D^mmt. zfih(o±mmi:(DMmm^ 
. ^^mf)^h(D^iti^nLx3 o%i}^hs o%<Dmm(omM^'^^^^i^^^t^<^^^^ 

[0 0 3 31 

^T^^^mmitrntLxmit^-y^Ji^ (N l O ;#-f t^)a.JtJ:k{iIE?tm : 1 iUiPI 
ib'Srv^o ) ^m^b3^^'^^^ (CoO ; 'i:^-rL'^>MJt{±iE?ti' 1 : 1 tJiPIf^'^v^o ) 

vm(o^Mimm^^rwtnfz^ (au) M^v^Ji^'&^moiiim^^tt-c^it'btLT 

M-r-§;i.o iti{4> N i o^cD»^Mtt. ^ (Au) ^cJti^■r^^{^^ mih^fi^ 

[0 0 3 41 

aiSE^ 2005-3004817 
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^-1/ : 



9/ 



[0 0 3 61 

^iPMti, 5 0 mJiiT, J:t?Mtt<i±20// mJiJ.T> Mtc»t t < t± 8 m^T 

^5feLysm)t-CgaPSI5=Srl)nX-f'S>/ci6ictiO. 5 mJil±T** t tv»o 

I 0 0 3 7 1 ^„ ^ 

^^fcttm®<^-si5«-^*tT. ::2y9i^Ymm^n^^^^ ^(D%m^^fz^mm±-r^ 
m%%m(o^m. (pad) m^^^ic^t. '?-c:n^^i-;i.o:6*-^«)t'5:oTv^-?.o 
^^?^o^^ttmm^^^±^ ±ia<^in<§iPSi575^'^itf?tLTi3i9> -eopr^pSBti^ia^m* 

, (w i re) *mtiIIffl<^^^Ji^«*^'-«t 19 5^111 l^®«$tL^o 

10 0 3 81 . ^ o 

mn^iz^^it^o tfz. -'■m^(Di5:m<D^mf<:.m.ntz-ij(D:^-^yii'm,mizML. 
w.(o^nmmmLx^. sfe5^M<7)i!P<> ^^Lfzmt/t^w.m<D-m'ki^^-bm^L 

i±JiiE#2 0 0 5 -3 0 0 4 8 1 7 
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^--J: 10/ 



[0 0 3 9] 

mm^-^hfi^o ^m^u^R^^^^^^-^'f^^^^^'^^ ^^g) . (p t) 

, nS^^A (Rh) . JSlX/TJV^^'^^ (A1) ^: i:'5i^f3=&'5^mE*flJffl tTi^^-r^ 
[0 0 4 01 

(Rh) (p t) m±^mt. ^m'^mwmimm&t^iz^mti> 

#lMcoJKim'&«1-^t'«fia4^^1i^<^lii*«i^ (=A) 
[0 0 4 1] 

[0 0 4 2] 

[0 0 4 3] 

g^c^p ;jtit jfcii ^ c^n* =t 15 m t :^ ^ It X: ^^ttrnn u ^ tt "b ti 
tfj:ofzmnmi. nmz&m-^titzmm^. ^mimw.^fifz:^-^^^^^^^^^ 

10 0 4 41 

immm] 

[0 0 4 51 
1 ) 

A 1 N*^-f777®i: tT. 7>K-7'<^GaN. nMG a N 3 > ^ nM 
I nOaNiJ'v^ KH. I nGaN#PltS i t K-y t/cG a Nl^^^jJ^ib^^^m 
S^#P=»7t«r^ofS141> pMAl GzNi^yy Vm. p MG a N =r > Mi^rMl^ 
^jf t/i^#'($:^^(7)pSG aNn>^'^' hJi±tC, A u ib =5: ^ ^ 1 <^^^ N i om^b 

ttiiiE# 2005-3004817 
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-^-i^: 11/ 



[00461 ,o_3u 
L. mmit2firntLito tfz. m^m<r>G aHmmm^^iiS i l X l O ' « cm 

10 0 4 7] 

5 ^ m. mmuom 3 mr*^ . ^#oJt^t'*^t^l§p^oM«t4 5 0 %M-e* 

[0 0 4 81 

mibi,z. ^^<D7tYVy^yy^-mjW')yVt7m^im^^'C>. pMGaNli± 

miZXfl. pSG aNl±lCJE:^j3X 1 0-«To r r tri5V^T?;]a6t-Au4: 7. 5nm. 
g|v>TlWjCX^gl*I-eN i -^5 nm^«t/Co A u i: N i 5:^^ L/i^«t4. ^^^tJ^^ 
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